leached out, and the new green vegetation inadequate in amount, during the rainy cold winter season of average years from November through January (Wagnon et al., 1942) .
A grazing study was started in 1949 to determine whether better livestock production could be obtained with less supplemental feeding on range fertilized with sulfur. The study was conducted cooperatively by the California Forest and Range Experiment Station, U. S. Forest Service and the Department of Animal Husbandry, University of California.
This article presents the results on steer gains and supplemental feeding rates during the first 7 years. The increased herbage production and range stocking with fertilization have been reported in a previous article (Bentley et al. 1958 ) and information on steer diets and grazing habits will be reported in another article.
Procedure
The grazing test was conducted in two pairs of pastures. Size and treatments of the areas were as follows: Before treatment each area had been moderately stocked and was estimated to have grazing 177 capacity for 10 weaner steers through an average 6-month period.
Pasture Fl was fertilized at a rate equivalent to 60 pounds of elemental sulfur per acre in January 1949 , January 1953 , and December 1955 . Legumes were stimulated in 1950 and production of grasses and legumes was increased in subsequent years. Pasture F2 was fertilized at a 60 pound rate February 1951, 40 pounds in October 1953, and 60 pounds in January 1956, to put its fertilization on the same time schedule as pasture Fl. Herbage production was increased each year from 1952 through 1956. See Bentley et al. (1958) for a more detailed description of fertilization and herbage response.
In July of each year, two groups of weaner steers were placed in one pair of pastures, where they remained through the ensuing dry-f orage season. Sometimes during the winter season they were then moved to the other pair of pastures where they remained through the following green-forage season. The steers were removed in July after the herbage had dried, terminating that year's phase of the study. For 5 years, 1949-53, the steers were placed first in pastures Fl and Cl and moved later to pastures F2 and C2, respectively. In 1954, pastures Fl and Cl were grazed through the three forage seasons. In 1955, reversal of pasture rotation was completed by putting the steers first in pastures F2 and C2 before moving them in January to pastures Fl and Cl (Fig. 1) .
Basically, each steer group consisted of 10 animals, but extras were added in the fertilized areas in most years and occasionally extras were put in the controls.
During the early part of the study, sufficient steers were not always available to stock the ranges at desired rates. Thus, from 1950 through 1952 fertilized Fl was stocked below its capacity and was more lightly grazed than its unfertilized control. Fertilized pasture F2 was stocked more nearly to its capacity. During the last 3 years of the study, 1953-54, 1954-55, and 1955-56 , when sufficient steers were available, the number of steers in each pasture was adjusted periodically (Fig. 1) ) and nearly full utilization of each pasture was obtained during either the dry-forage or the green-forage season. During the winter season, as each pasture was grazed to the desired degree, steer numbers were reduced to 10. Some years it was necessary to maintain larger numbers in the fertilized pastures throughout the winter season, or larger numbers were used for a short period at the start of the winter season.
The steers were choice grade weaners from the Hereford herd maintained at the San Joaquin Experimental Range and were reasonably uniform from year to year.
They were weighed individually at about monthly intervals after an overnight shrink. Weaning weights were used as the initial entry weights, even though about a week was spent in the weaning lot before the grazing study was started each (Table 1) . They were removed from the pastures November 2, and because of cold weather and retarded plant growth were not placed in pastures F2 and C2 until March 2, 1950. These pastures were grazed, without supplements, until June 5, when failure of the water system terminated the grazing period. Average daily weight gains were 2.42 and 2.38 pounds, respectively, for pastures F2 and C2 (Table  3) . These data indicate little diff erence between pastures.
Dry-forage Season
In 1950 and 1951, fertilization increased herbage production in Fl over that of control pasture Cl, and improved the quality by increasing the legumes and reducing broadleafed filaree (Bentley et al., 1958) . To determine steer performance on fertilized range during the dry-forage season, no range supplements were fed during these 2 years. In 1950, the average daily gains were 0.79 and 0.09 pounds, re-spectively, for the pastures Fl and Cl steers, while in 1951 they were 0.60 and -0.02 pounds, respectively (Table 1) . Final weights were low in 1951, probably because of nutrient leaching in the herbage after a rain of 0.74 inches, which occurred 10 days before the weighing date. Earlier studies have also shown a decrease in range cattle weights after the first substantial fall rain (Wagnon). Average daily steer weight gains for the go-day period from weaning to October 3, were 0.91 pounds on fertilized range and 0.41 pounds on unfertilized range. Sulfur fertilization evidently increased the crude protein content of the dry herbage sufficiently to permit moderate weight gains -M to 2/3 pounds daily. Comparable gains have been obtained by feeding steers a pound of cottonseed cake per head daily on unfertilized annual type range (Wagnon et al., 1957) . During these 2 years pasture Fl was stocked at the desired rate, and resulting herbage utilization was only moderate to light. Even so, the fertilized pasture produced 18.5 more pounds of weight gain per acre than the control pasture in 1950, and 17.4 pounds more in 1951. (Table 3 ) . While average daily steer gains were almost identical, there were fluctuations in the growth curves of both groups. The thinner steers (not fed supplements previous dryforage season) in unfertilized pasture C2 outgained the heavier ones in pasture F2 by 0.57 pounds daily the first 42 days. For the next 29 days they outgained the pasture F2 steers at even a faster rate, 1.10 pounds daily. Near the close of the grazing season, however, when the herbage was drying, the steers on fertilized range surpassed the others. More green herbage in the wet swales may have made the difference.
In 1952 the cthinner-fleshed C2 steers outgained (by 0.37 pounds daily) the heavier-fleshed F2 steers the first 35 days of the period. However, during the next 57 day mid-season period, when the herbage was growing rapidly and approaching maturity, there was little difference in average daily gains (2.22 to 2.11 pounds respectively).
Throughout this time both pastures F2 and C2 carried 10 head of steers. On May 6, stocking was increased to 12 and 11 steers respectively. In order to graze both pastures moderately, the cattle were held a month longer than usual (Fig.  1) . From May 6, when range herbage was maturing rapidly, until July 3, when the range was completely dry, the pasture F2 steers outgained the others by 0.61 pounds per head daily. During the extra 34-day period the fertilized range provided a gain of 0.32 pounds per head daily, while steers on natural range lost a half pound per head daily. These results are comparable with those for the dry-forage period. Total beef production on fertilized range was 12.0 pounds per acre above that on unfertilized range.
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At the start of the green forage The greatest increase in production during the green-forage season was obtained in 1955 and 1956 , when the steers were in pasture Fl and Cl. This pair of pastures seemed more productive than F2 and C2 (Tables 1 and 3) ) and greater increases in herbage production through fertilization were obtained in pasture Fl than in pasture F2 (Bentley et al., 1958) . Stocking of the fertilized pasture was increased an average of 53 percent above the control in both years. Beef production in the fertilized pasture was 36 pounds per acre greater than in the control pasture in 1955 and 64.2 pounds per acre greater in 1956 (Table 3 1951. Therefore, the total return was $4.44 and $7.17 per steer for the two years. The average, $5.80, is $0.70 more than the average benefit from supplemental feeding on unfertilized range. These results could not be expected from ranges less responsive to sulfur fertilization than area Fl.
Summary
Sulfur fertilization of annual type ranges provided substantial increases in range stocking and in average steer gains during the green-forage and dry-forage seasons. During the winter season it was not possible to increase stocking rates, and no advantage was shown in steer gains.
